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1DYHJDFLyQGH5RERWV0yYLOHVHQ(QWRUQRVQR(VWUXFWXUDGRV
XWLOL]DQGRÈOJHEUD/LQHDO

$QGUpV5RVDOHV*XVWDYR6FDJOLD9LFHQWH0XW)HUQDQGRGL6FLDVFLR
 
,QVWLWXWRGH$XWRPiWLFD8QLYHUVLGDG1DFLRQDOGH6DQ-XDQ$Y/LEHUWDGRU6DQ
0DUWtQRHVWH6DQ-XDQ$UJHQWLQDHPDLODURVDOHV#LQDXWXQVMHGXDU
,QVWLWXWRGH,QJHQLHUtD4XtPLFD8QLYHUVLGDG1DFLRQDOGH6DQ-XDQ$Y
/LEHUWDGRU6DQ0DUWtQRHVWH6DQ-XDQ$UJHQWLQDHPDLO
JVFDJOLD#XQVMHGXDU


5HVXPHQ (VWH WUDEDMR SUHVHQWD XQ HQIRTXH EDVDGR HQ OD WHRUtD GHO iOJHEUD OLQHDO ORV PpWRGRV
QXPpULFRV\XQDPRGLILFDFLyQDOPpWRGRGHIXHU]DILFWLFLDSDUD ODQDYHJDFLyQGHURERWVPyYLOHVHQ
HQWRUQRVGLQiPLFRV3DUDHOGLVHxRGHOFRQWURODGRUVHXWLOL]DHOPRGHORGLQiPLFRGHXQ URERWPyYLO
QR KRORQyPLFR WLSR XQLFLFOR 7UDEDMRV DQWHULRUHV D PHQXGR LJQRUDQ OD GLQiPLFD GHO URERW SRU OR
TXH VXIUHQ GH VLQJXODULGDGHV HQ VXV DOJRULWPRV /RV UHVXOWDGRV GH VLPXODFLyQ \ H[SHULPHQWDFLyQ
FRQILUPDQODIDFWLELOLGDG\HIHFWLYLGDGGHOFRQWURODGRUSURSXHVWRORJUDQGRTXHHOURERWVHDFDSD]
GHDGDSWDUVXFRPSRUWDPLHQWRDOQLYHOGHOFRQRFLPLHQWRGLVSRQLEOH\QDYHJDUGHPDQHUDVHJXUD
HQHQWRUQRVQRHVWUXFWXUDGRVPLHQWUDVVHPLQLPL]DHOHUURUGHVHJXLPLHQWR&RS\ULJKW&($
3DODEUDV&ODYHiOJHEUDOLQHDOHYDVLyQGHREVWiFXORVIXHU]DILFWLFLDPRGHORGLQiPLFRURERWPyYLO
 ,1752'8&&,Ï1
(O SUREOHPD GH OD QDYHJDFLyQ GH URERWV PyYLOHV HQ HQWRUQRV
HVWDFLRQDULRVKDVLGRXQWHPDGHLQWHUpVSDUD ORV LQYHVWLJDGRUHV
GXUDQWH ORV ~OWLPRV DxRV (O GHVDItR DFWXDO HV OD QDYHJDFLyQ
DXWyQRPDHQHQWRUQRVTXHFRQWLHQHQREVWiFXORVHQPRYLPLHQWR
HVSHFLDOPHQWH FXDQGR ORVREMHWRVTXHRFXSDQHO HQWRUQR WLHQHQ
XQ PRYLPLHQWR GHVFRQRFLGR /RV PpWRGRV WUDGLFLRQDOHV GH
SODQLILFDFLyQ GH PRYLPLHQWR UHTXLHUHQ XQD H[FHVLYD FDUJD
FRPSXWDFLRQDO SDUD VHU DSOLFDGRV HQ WLHPSR UHDO D HVWH WLSR GH
SUREOHPDV7LDQHWDOSRUORFXDOVXUJHODQHFHVLGDGGH
QXHYDVWpFQLFDV

&XDQGR HO PRYLPLHQWR GH ORV REVWiFXORV HV WRWDOPHQWH
GHVFRQRFLGRHQWRQFHVXQDVHOHFFLyQUHDFWLYDGHOPRYLPLHQWRHV
XQDPDQHUDUD]RQDEOHSDUDTXHXQURERWHYLWHODVFROLVLRQHVHQ
HVWH FDVR OR LPSRUWDQWH QR HV OD RSWLPDOLGDG VLQR OD VHJXULGDG
GHOPRYLPLHQWRGHOURERW3RURWUR ODGRFXDQGRHOPRYLPLHQWR
GH XQ REVWiFXOR HV FRPSOHWDPHQWH FRQRFLGR XQ PRYLPLHQWR
ySWLPR SXHGH VHU JHQHUDGR PHGLDQWH HO HPSOHR GH XQD
SODQLILFDFLyQ HQ HVSDFLRWLHPSR (Q YDULDV DSOLFDFLRQHV SXHGH
KDFHUVHXQDORFDOL]DFLyQGHOHQWRUQRPHGLDQWHODFRQVWUXFFLyQGH
XQPDSDGHOiUHDGHWUDEDMRDSDUWLUGHORVVHQVRUHVTXHSRVHHHO
URERW(VWRVPDSDVVRQPX\~WLOHVHQXQURERWSDUDHQFRQWUDUHO
FDPLQROLEUHGHFROLVLRQHVFRQREMHWRVHVWiWLFRV WDOHVFRPRXQD
SDUHG 6LQ HPEDUJR SDUD REMHWRV HQ PRYLPLHQWR WDOHV FRPR
VHUHVKXPDQRVQRHVXQDWDUHDIiFLOTXHHOURERWGLEXMHPDSDV
GLQiPLFRV TXH JHQHUHQ FDPLQRV SDUD OD HYDVLyQ \ PDQWHQJDQ
XQD GLVWDQFLD PtQLPD GHVHDGD HQWUH HO URERW \ HO REMHWR SRU
UD]RQHV GH VHJXULGDG (O URERW UHTXLHUH XQD UHDFFLyQ GLQiPLFD
UiSLGDSDUDHYLWDUODFROLVLyQFRQREMHWRVHQPRYLPLHQWRHQOXJDU
GH GHSHQGHU GHPDSDV HVWiWLFRV R GLQiPLFRV TXH VH DFWXDOL]DQ
PX\OHQWDPHQWH

/RV PpWRGRV JOREDOHV DOJRULWPRV GH SODQLILFDFLyQ GH
WUD\HFWRULDVFDOFXODQXQFDPLQRFRPSOHWRD ODPHWDDSDUWLUGH
ODSRVLFLyQDFWXDOGHO URERW /DWRPEH(QHOFDVRGH ORV
REVWiFXORVPyYLOHV XQD WpFQLFD FRP~Q HV DxDGLU OD GLPHQVLyQ
WLHPSRDOHVSDFLRGHHVWDGR\UHGXFLUHOSUREOHPDDXQRHVWiWLFR
)UDLFKDUGHWDO$GHPiVVLORVPpWRGRVJOREDOHVSXHGHQ
SURYHHUVROXFLRQHVySWLPDVVXPD\RUGHVYHQWDMDHVTXHDVXPHQ
XQFRQRFLPLHQWRFRPSOHWRGHOHQWRUQRHQDSOLFDFLRQHVSUiFWLFDV
HVWDV WpFQLFDV VRQ XVXDOPHQWH FRPELQDGDV FRQPpWRGRV ORFDOHV
SDUDHYLWDUREVWiFXORV LQHVSHUDGRV6WDFKQLVVHWDO-DQJ
HWDO-XQJHWDO6HGHUHWDO(VWRV~OWLPRV
WDPELpQ GHQRPLQDGRV PpWRGRV UHDFWLYRV JHQHUDQ VROR OD
SUy[LPDVHxDOGHFRQWUROHOORVXVDQVRORODSRUFLyQPiVFHUFDQD
GHO HQWRUQR \ DFWXDOL]DQ HOPRGHOR GHOPXQGR GH DFXHUGR D OD
REVHUYDFLyQ DFWXDO GH ORV VHQVRUHV /DPD\RUtD GH ODV WpFQLFDV
GHVDUUROODGDVFRPRHOPpWRGRGHODYHQWDQDGLQiPLFD'\QDPLF
:LQGRZ )R[ HW DO  HO PpWRGR GH OD YHORFLGDG GH
FXUYDWXUD 1DN HW DO   \ HO PpWRGR GHO FDPLQR GH
FXUYDWXUD6LPPRQVHWDOHOFRQFHSWRGHORVHVWDGRVGH
FROLVLyQ LQHYLWDEOHV )UDLFKDUGHWDO2ZHQHWDO
GHSHQGHQ GH XQ FRQRFLPLHQWR FRPSOHWR GHO HQWRUQR HVWiWLFR \
GLQiPLFR

$OJXQRV LQYHVWLJDGRUHV KDQ GHVDUUROODGR XQD YDULHGDG GH
PpWRGRV EDVDGRV HQ HO FRQFHSWR GH FDPSR GH SRWHQFLDO (Q
&RQQROO\ HW DO  VH SUHVHQWy XQ PpWRGR XVDQGR OD
HFXDFLyQGH/DSODFHSDUDHYDGLUPtQLPRV ORFDOHV(Q 0DVRXG
HW DO  VH SURSXVR XQ FDPSR UHSXOVLYR HO FXDO HVWi
ORFDOL]DGRHVWULFWDPHQWHHQODYHFLQGDGGHOURERWSDUDSURWHJHUOR
GHODVFROLVLRQHV(Q3RW\HWDOGHVDUUROODURQXQPpWRGR
SRWHQFLDO IUDFFLRQDO HO FXDO GHILQH SRWHQFLDOHV DWUDFWLYRV \
UHSXOVLYRVWRPDQGRHQFXHQWDODSRVLFLyQUHODWLYD\ODYHORFLGDG
GHO URERW FRQ UHVSHFWR D REVWiFXORV \ REMHWLYRV 3DUD VXSHUDU
DOJXQDV GHILFLHQFLDV GHO PpWRGR GH FDPSR GH SRWHQFLDO VH
GHVDUUROOy HO +LVWRJUDPD GH &DPSR 9HFWRULDO 9HFWRU )LHOG
+LVWRJUDP9)+%RUHQVWHLQHWDOXQPpWRGRTXHEXVFD
HVSDFLRV HQ KLVWRJUDPDV SRODUHV FRQVWUXLGRV ORFDOPHQWH/XHJR
VXUJLHURQ ORV PpWRGRV GHO 9)+ 8OULFK HW DO  \ GHO
9)+8OULFKHWDO
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
(QJHQHUDOHOREMHWLYRGHHVWHWUDEDMRHVFDOFXODUODVDFFLRQHVGH
FRQWUROQHFHVDULDVSDUDTXHHOURERWPyYLODOFDQFHXQDSRVLFLyQ
[\FRQXQDRULHQWDFLyQSUHHVWDEOHFLGDψHQFDGDLQVWDQWHGH
PXHVWUHR N7 HYLWDQGR FROLVLRQHV GXUDQWH VX WUD\HFWRULD 3DUD
ORJUDU HVWHREMHWLYR HQXQYHKtFXORQRKRORQyPLFR VHGLVSRQH
GHGRVYDULDEOHVGHFRQWUROODYHORFLGDGOLQHDOX\ODYHORFLGDG
DQJXODUȦGHOURERW(OFRQWURODGRUSURSXHVWRVREUHODEDVHGHO
PRGHORGLQiPLFRGHOURERWFDOFXOD ODDFFLyQGHFRQWUROySWLPD
VHJ~QPtQLPRVFXDGUDGRV6WUDQJTXHSHUPLWHDOURERW
PyYLOSDVDUGHOHVWDGRDFWXDODOHVWDGRGHVHDGR6FDJOLDD
(VWD WpFQLFD KD VLGR SUREDGD HQ YDULRV WUDEDMRV SRU HMHPSOR
5RVDOHV HW DO DEF  6FDJOLD HW DO EF
DEDE(ODOJRULWPRGHODIXHU]DILFWLFLDPRGLILFDGR
SHUPLWH UHGXFLU ODV RVFLODFLRQHV GH RULHQWDFLyQ GHO URERW ODV
FXDOHVRFXUUHQFXDQGRXQURERWVHDSUR[LPDDXQREVWiFXORRD
RWURURERW:DQJHWDOSHUPLWLHQGRODHYDVLyQVHJXUDGH
FROLVLRQHVHQODWUD\HFWRULDUHDOL]DGD

(OWUDEDMRHVWiRUJDQL]DGRGHODVLJXLHQWHPDQHUDHQODVHFFLyQ
VHSUHVHQWDHOPRGHORGLQiPLFRGHOURERWPyYLOHQODVHFFLyQ
VHGHVFULEHHOFRQWURODGRUXWLOL]DGRSDUDODQDYHJDFLyQPLHQWUDV
TXHHQODVHFFLyQVHSUHVHQWDHOPpWRGRGHODIXHU]DILFWLFLD(Q
ODVHFFLyQVHSUHVHQWDQORVUHVXOWDGRVGHH[SHULPHQWDFLyQ\HQ
ODVHFFLyQILQDOVHGDQODVFRQFOXVLRQHVGHOWUDEDMR
 02'(/2',1È0,&2
3DUD UHDOL]DU WDUHDV TXH UHTXLHUHQ DOWD YHORFLGDG \R WUDQVSRUWH
GHFDUJDVSHVDGDVHVPX\LPSRUWDQWHFRQVLGHUDUODGLQiPLFDGHO
URERW/DVFDUDFWHUtVWLFDVGLQiPLFDVGHOURERWWDOHVFRPRPDVDH
LQHUFLD FDPELDQ FXDQGR HO URERW HVWi FDUJDGR  8Q PRGHOR
GLQiPLFRQRKRORQyPLFRGHXQURERWPyYLOWLSRXQLFLFOR'HOD
&UX]VHPXHVWUDHQOD)LJ\VHSUHVHQWDHQOD(F

(OSXQWRTXHGHILQH ODSRVLFLyQGHO URERW HV [\ HO FXDO HVWi
XELFDGRDXQDGLVWDQFLDDGHODQWHGHOFHQWURGHOHMHTXHXQHODV
UXHGDVWUDVHUDVGHOURERWX\ǌVRQODVYHORFLGDGHVORQJLWXGLQDO\
ODWHUDOGHOFHQWURGHPDVDȦHVODYHORFLGDGDQJXODUGHOURERW\
ψ HV HO iQJXOR GH RULHQWDFLyQ GHO URERW * HV HO FHQWUR GH
JUDYHGDG% HOFHQWURGH OD OtQHDGHEDVHGH ODV UXHGDV( HVHO
SXQWRGHXELFDFLyQGHOHKHUUDPLHQWDGHWUDEDMRSRUHMHPSORXQ
EUD]RUREyWLFR\&HVHOSXQWRGHXELFDFLyQGHODUXHGDFDVWRU



)LJXUD0RGHORGHXQURERWPyYLOQRKRORQyPLFRWLSRXQLFLFOR
)UU[¶  \  )UU\¶  VRQ ODV IXHU]DV ORQJLWXGLQDO \ ODWHUDO HQ HO
QHXPiWLFR GH OD UXHGD GHUHFKD )UO[¶ \ )UO\¶ VRQ ODV IXHU]DV
ORQJLWXGLQDO\ODWHUDOHQHOQHXPiWLFRGHODUXHGDL]TXLHUGD)F[¶
\)F\¶VRQODVIXHU]DVORQJLWXGLQDO\ODWHUDOHMHUFLGDVVREUH&SRU
OD UXHGDFDVWRU)H[¶ \)H\¶ VRQ ODV IXHU]DV ORQJLWXGLQDO\ ODWHUDO
HMHUFLGDVVREUH(SRU ODKHUUDPLHQWDGH WUDEDMREFG \H VRQ
GLVWDQFLDV \ τH HV HO PRPHQWR HMHUFLGR SRU OD KHUUDPLHQWD GH
WUDEDMR

$ SDUWLU GHO HVTXHPD )LJ  VH REWLHQH HO VLJXLHQWH PRGHOR
GLQiPLFRSDUDXQURERWPyYLOQRKRORQyPLFRWLSRXQLFLFOR

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
/RV SDUiPHWURV LGHQWLILFDGRV       7= θ θ θ θ θ θª º¬ ¼į 
HQHOPRGHORGLQiPLFRGHOURERWPyYLOYDOLGDGRVHQ'HOD&UX]
	&DUHOOLVRQ

( ) ( )     D W H '7 37
D
5 P5 U , UN UNN
§ ·
θ = + + =¨ ¸© ¹

( )( ) ( )      D H W ] '5 35
D
5 , G 5 U , PE UGN UGNN
§ ·
θ = + + + =¨ ¸© ¹

( )   D W 37
D
5 PE5 NNθ = = − 
( )   D D E H 37
D D
5 N N % UNN 5
§ ·
θ = + + =¨ ¸© ¹

( )  D W 35
D
5 PE5 GNNθ = = − 
( )    D D E H 35
D D
5 N N % G UNN 5
§ ·
θ = + + =¨ ¸© ¹


GRQGH P HV OD PDVD GHO URERW U HV HO UDGLR GH ODV UXHGDV
L]TXLHUGD \ GHUHFKD NE HV LJXDO D OD FRQVWDQWH
FRQWUDHOHFWURPRWUL]PXOWLSOLFDGD SRU OD FRQVWDQWH GH UHGXFFLyQ
5D HV OD FRQVWDQWHGH UHVLVWHQFLD HOpFWULFDND HV OD FRQVWDQWHGH
WRUTXHPXOWLSOLFDGDSRU ODFRQVWDQWHGH UHGXFFLyQN35N37 DQG
N'7VRQFRQWDQWHVSRVLWLYDV,H\%HVRQHOPRPHQWRGHLQHUFLD\
HO FRHILFLHQWH GH IULFFLyQ YLVFRVD GH OD FRPELQDFLyQ URWRU GHO
PRWRU FDMD GH UHGXFFLyQ \ UXHGD \5W HV HO UDGLR QRPLQDO GHO
QHXPiWLFR'HOD&UX]	&DUHOOL

(O YHFWRU GH LQFHUWLGXPEUH UHODFLRQDGR DO URERW PyYLO HV
 7[ [ X ω= δ δ δ δª º¬ ¼į  GRQGH į[ \ į\ GHSHQGHQ GH OD
YHORFLGDG HO GHVOL]DPLHQWR GH ODV UXHGDV \ OD RULHQWDFLyQ GHO
URERWįX\įȦGHSHQGHQGHORVSDUiPHWURVPHFiQLFRVGHOURERW
WDOHV FRPR ODPDVD HOPRPHQWR GH LQHUFLD HO GLiPHWUR GH ODV
UXHGDV ORVSDUiPHWURVGHOPRWRU\ ORVVHUYRFRQWURODGRUHVHWF
7RGRVHVWRVSDUiPHWURVVRQFRQVLGHUDGRVSHUWXUEDFLRQHV

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
&RPHQWDULR6LORVGHVOL]DPLHQWRVGHODVUXHGDVODVIXHU]DV\
WRUTXHVHMHUFLGRVSRUODKHUUDPLHQWD\ODVIXHU]DVHMHUFLGDVSRUOD
UXHGD FDVWRU WLHQHQ XQ YDORU GHVSUHFLDEOH HO YHFWRU GH
LQFHUWLGXPEUHVįQRVHUiFRQVLGHUDGRHQHOPRGHOR

(Q JHQHUDO OD PD\RU SDUWH GH URERWV FRPHUFLDOHV SRVHHQ
FRQWURODGRUHV 3,' GH YHORFLGDG GH EDMR QLYHO SDUD VHJXLU
YHORFLGDGHV GH UHIHUHQFLD SDUD GH HVWDPDQHUD QR SHUPLWLU TXH
ORVYROWDMHVGHORVPRWRUHVVHDQGLUHFWDPHQWHPDQHMDGRV3RUOR
WDQWR HV~WLO H[SUHVDU HOPRGHOR GHO URERWPyYLO HQXQD IRUPD
DGHFXDGD FRQVLGHUDQGR D ODV YHORFLGDGHV URWDFLRQDO \
WUDVODFLRQDOFRPRVHxDOHVGHFRQWURO
 ',6(f2'(/&21752/$'25
(O FRQWURODGRU SURSXHVWR HVWi EDVDGR HQ OD WHRUtD GHO iOJHEUD
OLQHDO \ ORVPpWRGRV QXPpULFRV&RQRFLHQGR HO HVWDGR GHVHDGR
HQ HO SUy[LPR SHULRGR GH PXHVWUHR HV SRVLEOH FDOFXODU ODV
DFFLRQHVGHFRQWUROQHFHVDULDVSDUDTXHHO URERWPyYLO VLJXD OD
WUD\HFWRULDGHUHIHUHQFLDFRQXQEXHQUHQGLPLHQWR6HDVXPHTXH
HOURERWPyYLOVHPXHYHHQXQSODQRKRUL]RQWDOVLQGHVOL]DUVH
 $SUR[LPDFLyQGH(XOHU
3ULPHUR PHGLDQWH OD DSUR[LPDFLyQ GH (XOHU GHO PRGHOR
GLQiPLFR GHO URERW PyYLO VH REWLHQH HO VLJXLHQWH FRQMXQWR GH
HFXDFLRQHV


( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( )
( ) ( )
( ) ( ) ( )


   
  
 
 
FRV VLQ
VLQ FRV

N N N N
N N
N N N N
N N
N
N N
N NN N
N N
N N N
X D
[ [ X D
\ \
7
XX X
X
+
+
+
+
+
­ ψ − ω ψª º°« »ª º ª º ψ + ω ψ°« »« » « » °« »« » « » ω°« »« » « » °ψ ψ « »= + +« » « » ® θ θ« »« » « » ° ω −« »θ θ« » « » °« »« » « » °ω ω θ θ« »« » « » °¬ ¼ ¬ ¼
− ω − ω« »θ θ°¬ ¼¯
( )
( )


 
 
 
  

[
\
F N
F N
X
X
ω
½ª º °« » δª º°« » « »°« » δ« »ª º °« » « »« »+ + ¾« » ω « »« » °« » ¬ ¼θ δ« »°« » « »δ °« » ¬ ¼°« »θ¬ ¼ ¿
 

GRQGH ORV YDORUHV GH [ DO WLHPSR GLVFUHWR W   N7 VHUiQ
GHQRWDGRVFRPR[N7HVHOSHULRGRGHPXHVWUHR\N 
« /XHJR HO YHFWRU GH HVWDGRV [N HV UHPSOD]DGR SRU HO
YHFWRUGHHVWDGRVGHVHDGRV
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&RPHQWDULR  (O XVR GH PpWRGRV QXPpULFRV SDUD FDOFXODU OD
HYROXFLyQ GH VLVWHPDV VH EDVD SULQFLSDOPHQWH HQ OD SRVLELOLGDG
GHGHWHUPLQDUHOHVWDGRGHOVLVWHPDDO LQVWDQWHNVLHOHVWDGR
DFWXDO HV GHFLU DO LQVWDQWH N HV FRQRFLGR SURSLHGDG GH
0DUNRY'HPDQHUDTXHXQDYDULDEOHDOLQVWDQWHNSXHGHVHU
VXEVWLWXLGDSRUODYDULDEOHGHVHDGD\VXEVHFXHQWHPHQWHVHSXHGH
FDOFXODUODDFFLyQGHFRQWUROQHFHVDULDSDUDKDFHUTXHORVHVWDGRV
GHOVLVWHPDYD\DQGHVGHVXYDORUDFWXDOKDVWDHOYDORUGHVHDGR

$SDUWLUGHHOVLJXLHQWHVLVWHPDGHHFXDFLRQHVHVFUHDGR
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$SDUWLUGHHOFXDOHVXQVLVWHPDGHFLQFRHFXDFLRQHVFRQGRV
LQFyJQLWDV \ PHGLDQWH HO XVR GH ODV HFXDFLRQHV QRUPDOHV
 7 7=$ $ȝ $ E  VH HQFXHQWUD OD VROXFLyQySWLPD GHDFXHUGRD
PtQLPRVFXDGUDGRV6WUDQJSDUDμ
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 &ULWHULRGHO(VSDFLR&ROXPQD
$KRUDHOREMHWLYRHVHQFRQWUDUXGN\ȦGNGHPDQHUDTXHHO
HUURU GH VHJXLPLHQWR OOHJXH D VHU PtQLPR 3DUD VDWLVIDFHU HVWD
FRQGLFLyQHOVLVWHPDGHEHWHQHUXQDVROXFLyQH[DFWD/XHJR
HOYHFWRUEGHEHSHUWHQHFHUDOHVSDFLRFROXPQDGHODPDWUL]$
HVWR HV HO YHFWRU E GHEH VHU XQD FRPELQDFLyQ OLQHDU GH ORV
YHFWRUHVFROXPQDGHODPDWUL]$6WUDQJXQDEDVHSDUDHO
HVSDFLRFROXPQDGHODPDWUL]$HV
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
 /DV DSUR[LPDFLRQHV GH (XOHU VRQ XQ SURFHGLPLHQWR QXPpULFR GH SULPHU
RUGHQ SDUD UHVROYHU HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV 2'(V GDGR XQ
YDORULQLFLDO
 7HQHU OD SURSLHGDG GH0DUNRY VLJQLILFD TXH GDGR HO HVWDGR DFWXDO ORV
HVWDGRVIXWXURVVRQLQGHSHQGLHQWHVGHORVHVWDGRVSDVDGRV(QRWUDVSDODEUDV
OD GHVFULSFLyQ GHO HVWDGR DFWXDO FDSWXUD WRGD OD LQIRUPDFLyQ TXH SRGUtD
LQIOXHQFLDUHQODIXWXUDHYROXFLyQGHOSURFHVR
 'DGD OD HFXDFLyQ PDWULFLDO$[   E OD HFXDFLyQ QRUPDO HV DTXHOOD TXH
PLQLPL]DODVXPDGHODVGLIHUHQFLDVDOFXDGUDGRHQWUHORVODGRVL]TXLHUGR\
GHUHFKRGH$7$[ $7EGRQGH$7$HVXQDPDWUL]QRUPDO$7$$$7 
 /D VROXFLyQGHPtQLPRV FXDGUDGRVSDUDXQ VLVWHPD LQFRQVLVWHQWH$[ E
VDWLVIDFH OD HFXDFLyQ$7$[ $7E6L ODV FROXPQDV GH$ VRQ OLQHDOPHQWH
LQGHSHQGLHQWHV$7$HVLQYHUWLEOH\[ $7$$7E
 (Q ÈOJHEUD /LQHDO HO HVSDFLR FROXPQD GH XQDPDWUL] HV HO FRQMXQWR GH
WRGDVODVFRPELQDFLRQHVOLQHDOHVSRVLEOHVGHVXVYHFWRUHVFROXPQD
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(O VLVWHPD GHEH WHQHUXQDVROXFLyQH[DFWDGH DOOtTXHGHEH
VDWLVIDFHU    = ς + ςE Y Y  FRPELQDFLyQ OLQHDOGHY \YGRQGH
ȢȢ∈ϒ(VWRHV

     
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
3DUDYLVXDOL]DUGHPHMRUPDQHUDHOFRQFHSWRDQWHULRUDFHUFDGHO
HVSDFLRFROXPQDOD)LJSUHVHQWDXQHMHPSORGHODSUR\HFFLyQ
GHXQYHFWRUSVREUHHOHVSDFLRFROXPQDGHXQDPDWUL]4GRQGH
4[ SHVXQVLVWHPDLQFRQVLVWHQWHHVWRHVHOYHFWRUSQRHVXQD
FRPELQDFLyQ OLQHDO GH ODV FROXPQDV GH OD PDWUL]4 ÖS  HV OD
SUR\HFFLyQGHOYHFWRUSHQHOHVSDFLRFROXPQDGHODPDWUL]4\
HV HO SXQWR PiV FHUFDQR D S HQ HVWHV HVSDFLR Ö
−S S  HV OD
GLVWDQFLDGHSDOSXQWR4[HQHOHVSDFLRFROXPQDGH4HVGHFLU
HV HO YHFWRU GH HUURUHV (O YHFWRU GH HUURUHV Ö
−S S  GHEH VHU
SHUSHQGLFXODU DO HVSDFLR FROXPQD GH OD PDWUL]4 $GHPiV OD
QRUPDVHGHILQHSRU  7=3] ] 3] FRQ >3 

/D VROXFLyQ ySWLPD GH DFXHUGR DPtQLPRV FXDGUDGRV GH HVWH
VLVWHPDVDWLVIDFH474[ 47SHFXDFLRQHVQRUPDOHVSRUWDQWR
Ö = =S 4[ 4 [  GRQGH 4  HV OD PDWUL] SVHXGRLQYHUVD GH 4
/XHJR VL ODV FROXPQDV GH4 VRQ OLQHDOPHQWH LQGHSHQGLHQWHV
( )  7 7−=4 4 4 4 

5HWRUQDQGRDOGLVHxRGHOFRQWURODGRU\DSDUWLUGH\ ODV
UHODFLRQHVHQSXHGHQVHUHVWDEOHFLGDV
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$ SDUWLU  \ WRPDQGR HQ FXHQWD HO&RPHQWDULR  VH FUH HO
VLJXLHQWHVLVWHPDGHHFXDFLRQHV

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)LJXUD3UR\HFFLyQGHOYHFWRUSHQHOHVSDFLRFROXPQDGHXQD
PDWUL]4
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$SDUWLU GH  HO FXDO HVXQFRQMXQWRGH WUHV HFXDFLRQHV FRQ
GRVLQFyJQLWDV\XWLOL]DQGRQXHYDPHQWHODVHFXDFLRQHVQRUPDOHV
 7 7=% %ȣ % F  VH HQFXHQWUD OD VROXFLyQ ySWLPD GH DFXHUGR D
PtQLPRVFXDGUDGRVSDUDȣ

/D VROXFLyQ ySWLPD SDUD XN \ ȦN UHSUHVHQWD ODV YHORFLGDGHV
OLQHDO \ DQJXODUTXHHO URERWPyYLOGHEH WHQHU DO LQVWDQWHN GH
PDQHUDTXHHOVLVWHPD WHQJDXQDVROXFLyQH[DFWDSRU WDQWR
VHMXVWLILFDHOXVRGHHVWRVYDORUHVFRPRODVYHORFLGDGHVGHVHDGDV
XGN\ȦGN(VWRVYDORUHVHVWiQGDGRVSRU
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
GRQGH NX \ NȦ VRQ FRQVWDQWHV SRVLWLYDV TXH SHUPLWHQ DMXVWDU HO
UHQGLPLHQWR GHO FRQWURODGRU SURSXHVWR pVWDV FRQVWDQWHV
VDWLVIDFHQODFRQGLFLyQNXNȦSHUPLWLHQGRUHGXFLU ODV
YDULDFLRQHVHQORVHVWDGRVGHOVLVWHPD6FDJOLDHWDOE
 (YDOXDFLyQGHO6HJXLPLHQWRGH7UD\HFWRULDV
3DUD PRVWUDU HO EXHQ UHQGLPLHQWR GHO PpWRGR SURSXHVWR VH
SUHVHQWDQGRV UHVXOWDGRVH[SHULPHQWDOHV/DSULPHUD WUD\HFWRULD
GH UHIHUHQFLD IXH XQ FtUFXOR GHILQLGR SRU ( )FRVU U[ U W= ω  \
( )VLQU U\ U W= ω  GRQGH U∈ ϒ HV HO UDGLR GHO FtUFXOR \ ȦU HV OD
YHORFLGDGURWDFLRQDOGHODWUD\HFWRULDGHUHIHUHQFLD
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)LJXUD  3HUILOHV GH YHORFLGDG D OLQHDO E DQJXODU 'DWRV
H[SHULPHQWDOHV
3DUD HVWD SUXHED U   >PP@ XUHI   >PPV@ \ ȦU  
>JUDGRVV@ (O SHULRGR GH PXHVWUHR IXH 7   >V@ \ ODV
FRQGLFLRQHVLQLFLDOHVXWLOL]DGDVIXHURQ[ >@7>PP@

(Q OD )LJ  VH REVHUYD TXH HO URERWPyYLO VLJXH OD WUD\HFWRULD
GHVHDGD FRQ XQ HUURUPi[LPR YDORU DEVROXWR GH OD GLIHUHQFLD
HQWUHODVWUD\HFWRULDVGHVHDGD\UHDOXQDYH]TXHHOURERWPyYLO
KD DOFDQ]DGR HO FDPLQR JHRPpWULFR SUHGHILQLGR GH >PP@
(VWH HUURU HV SHTXHxR FRPSDUDGR FRQ OD GLVWDQFLD TXH H[LVWH
HQWUH ODV UXHGDV GHO URERWPyYLO >PP@/D )LJ PXHVWUD
ORV SHUILOHV GH YHORFLGDG GHO URERW PyYLO SDUD HVWD WUD\HFWRULD
FLUFXODU

6L VH UHDOL]D XQD FRPSDUDFLyQ HQWUH HVWRV UHVXOWDGRV
H[SHULPHQWDOHV\ORVUHVXOWDGRVSXEOLFDGRVHQRWURVWUDEDMRVHJ
'R	3DQ  GRQGH VH SUHVHQWD XQ DOJRULWPREDVDGR HQHO
PRGHOR GLQiPLFR GH XQ URERWPyYLO SXHGH FRQFOXLUVH TXH HO
VLVWHPD GH FRQWURO DTXt SURSXHVWR SUHVHQWD XQ PHMRU
UHQGLPLHQWRWUDEDMDQGRHQHOPLVPRUDQJRGHYHORFLGDGHV

/DVHJXQGDWUD\HFWRULDGHUHIHUHQFLDIXHXQDFXUYDHQIRUPDGH
RFKRGHILQLGDSRU ( )VLQU U[ U W= ω \ ( )FRV U U\ U W= ω GRQGHU
∈ϒHVHOUDGLR\ȦUHV ODYHORFLGDGURWDFLRQDOGHOD WUD\HFWRULD
GHUHIHUHQFLD3DUDHVWDSUXHEDU >PP@XUHI >PPV@\
ȦU   >JUDGRVV@ (O WLHPSR GH PXHVWUR WDPELpQ IXH 7  
>V@\ ODVFRQGLFLRQHV LQLFLDOHV IXHURQ[  >   @7
>PP@
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)LJXUD  6HJXLPLHQWR GH WUD\HFWRULDV FRQ XQD UHIHUHQFLD HQ
IRUPDGHRFKR'DWRVH[SHULPHQWDOHV
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)LJXUD  3HUILOHV GH YHORFLGDG D OLQHDO E DQJXODU 'DWRV
H[SHULPHQWDOHV
(Q OD )LJ  VH REVHUYD TXH HO URERWPyYLO VLJXH OD WUD\HFWRULD
GHVHDGD FRQ XQ HUURU Pi[LPR GH >PP@ HQ ODV SDUWHV
SURQXQFLDGDV GH OD WUD\HFWRULD (VWH HUURU D~Q HV SHTXHxR
FRPSDUDGRFRQODGLVWDQFLDTXHH[LVWHHQWUHODVUXHGDVGHOURERW
PyYLO>PP@/D)LJPXHVWUDORVSHUILOHVGHYHORFLGDGGHO
URERWPyYLOSDUDHVWDWUD\HFWRULD

/RV UHVXOWDGRV REWHQLGRV FRUURERUDQ ODV ERQGDGHV GHO
FRQWURODGRU SURSXHVWR PRVWUDQGR TXH HO URERW PyYLO VLJXH OD
WUD\HFWRULD GH UHIHUHQFLD GH XQD PDQHUD SUHFLVD /D SUy[LPD
VHFFLyQ SUHVHQWDUi FyPR VH PRGLILFD HVWD WUD\HFWRULD GH
UHIHUHQFLDSDUDODHYDVLyQGHREVWiFXORV
 )8(5=$),&7,&,$02',),&$'$
(O PpWRGR GH IXHU]D ILFWLFLD EDVDGR HQ OD JHQHUDFLyQ GH XQ
FDPSR GH SRWHQFLDO YLUWXDO KD VLGR HQ ORV ~OWLPRV DxRV XQ
HQIRTXH PX\ XWLOL]DGR SDUD OD SODQLILFDFLyQ GH FDPLQRV GH
URERWVPyYLOHVDXWyQRPRVGHELGRDVXVLPSOLFLGDGPDWHPiWLFD\
HILFLHQFLD (O FRQFHSWR EiVLFR GH HVWH PpWRGR HV FXEULU XQ
HQWRUQRGH WUDEDMRFRQXQDIXHU]DDUWLILFLDOPHGLDQWH ODFXDO HO
URERWHVDWUDtGRSRUODPHWD\UHSHOLGRSRUORVREVWiFXORV

(OPpWRGRGHODIXHU]DILFWLFLDSURSXHVWRHQHVWHWUDEDMRJHQHUD
XQ FDPSR GH IXHU]D YLUWXDO TXH FRQWLQXDPHQWH YD FDPELDQGR
GHSHQGLHQGRGHODGLVWDQFLDDOREVWiFXOR\ODVYHORFLGDGHVUHDO\
Pi[LPDGHOURERWPyYLO(VWDIXHU]DILFWLFLDVHGHILQHFRPR

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
GRQGHGNHVODGLVWDQFLDHQWUHHOURERW\HOREVWiFXORGPD[GHILQH
XQD ]RQD UHSXOVLYD GHQWUR GH OD FXDO VH DFWLYD OD HVWUDWHJLD GH
HYDVLyQGPLQ UHSUHVHQWD ODPtQLPDGLVWDQFLDGHQRFRQWDFWRGHO
URERWFRQHOREVWiFXORPiVORVUDGLRVGHOURERW\GHOREVWiFXOR
FI HV XQD FRQVWDQWH SRVLWLYD TXH GHWHUPLQD OD FREHUWXUD GHO
FDPSRGHIXHU]D\ηVHGHILQHFRPR

( )
PD[
  NXX= < ≤η ρ ρ 

GRQGH XN \ XPD[ VRQ ODV YHORFLGDGHV UHDO \ Pi[LPD GHO URERW
PyYLOUHVSHFWLYDPHQWH
A. Rosales, G. Scaglia, V. Mut, F. di Sciascio 83


 
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
)LJXUD(VTXHPDGHOPpWRGRGHODIXHU]DILFWLFLDPRGLILFDGD
/D)LJPXHVWUDXQHVTXHPDGHODIXHU]DILFWLFLDGRQGHψHV
HOiQJXORGHRULHQWDFLyQGHOURERWȖHVHOiQJXORTXHH[LVWHHQWUH
HOREVWiFXOR\HOURERWȕHVHOiQJXORTXHLQGLFDODGLUHFFLyQHQ
ODTXHVHHQFXHQWUDHOREVWiFXORFRQUHVSHFWRDOURERWSRUWDQWR
SURSRUFLRQD WDPELpQ OD GLUHFFLyQ SDUD HO GHVYtR GH OD
WUD\HFWRULDĮHOiQJXORGHURWDFLyQGHELGRDODIXHU]DILFWLFLDG
HV OD GLVWDQFLD DO REVWiFXOR \G1 HV OD GLVWDQFLD HQ OD GLUHFFLyQ
QRUPDO D G TXH LQGLFD OD SUHVHQFLD GH REVWiFXORV HQ GLUHFFLyQ
SHUSHQGLFXODU DO REVWiFXOR D HYDGLU XG HV HO YHFWRU YHORFLGDG
GHVHDGD \XGĮ HV HO YHORFLGDGGHVHDGDPRGLILFDGD$GHPiV [E
\EHVODSRVLFLyQGHOREVWiFXOR\[\ODSRVLFLyQGHOURERW

/DVFRPSRQHQWHVGHOYHFWRUYHORFLGDGGHVHDGDXGVHPRGLILFDQ
GHODVLJXLHQWHPDQHUD

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
/D IXQFLyQGHOSDUiPHWURıHV UHGXFLU ODPDJQLWXGGHO
YHFWRU YHORFLGDG GHVHDGD PRGLILFDGD HQ HO PRPHQWR GH OD
HYDVLyQ GHO REVWiFXOR  &XDQGR N) =
&  ı    VHJXLPLHQWR
QRUPDOGHWUD\HFWRULD

(OiQJXORGHURWDFLyQĮVHFDOFXODFRPR

 ( ) ( ) ( )( )( )Į VLQ ȕN N N) VLJQ= &  

&XDQGRHOREVWiFXORHVGLQiPLFRHOPpWRGRGHODIXHU]DILFWLFLD
KDFHTXHHOURERWHYDGDDOREVWiFXORPyYLOHQGLUHFFLyQFRQWUDULD
DOPRYLPLHQWR GHO REVWiFXORPyYLO HV GHFLU HO URERWPyYLO VH
PRYHUi SRU GHWUiV GHO REVWiFXOR GLQiPLFR YHU )LJ  GH HVWD
IRUPD HO REVWiFXOR PyYLO HV HOXGLGR SRU GHWUiV OR FXDO
SURSRUFLRQDVHJXULGDGDOURERW

3DUD VDEHU VL XQ REVWiFXOR HV HVWiWLFR R GLQiPLFR VH KDFH XQD
HVWLPDGHODYHORFLGDGGHGLFKRREMHWRPHGLDQWHODFRPSDUDFLyQ
GH VXSRVLFLyQ DFWXDO FRQ VXSRVLFLyQ HQ HO DQWHULRUSHULRGRGH
PXHVWUHR
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
)LJXUD(YDVLyQGHXQREVWiFXORHVWiWLFR\XQREVWiFXORPyYLO
3DUD HYLWDU SUREOHPDV GH WLSR KHUUDGXUD 0\HUV HW DO 
VLPSOHPHQWHVHXVDXQDGLVWDQFLDG1QRUPDODGGHIRUPDTXH
VLG1≤GPD[ DO iQJXORĮ VH OH VXPDUiQπ DVtSRU HMHPSOR VL
H[LVWHXQREVWiFXORHQIRUPDGH³9´IUHQWHDO URERWpVWHJLUDUi
KDVWDSRGHUVDOLUGHOLQFRQYHQLHQWH

3DUDTXHHOPpWRGRGHODIXHU]DILFWLFLDSURSXHVWRGHMHGHDFWXDU
HV GHFLU SDUD TXH HO URERWPyYLO ³VHSD´ TXH \D KD HYDGLGR HO
REVWiFXOR VH XWLOL]y HO WHRUHPD GHO FRVHQR VHD HO WULiQJXOR
3U3G3RGH OD)LJHQGRQGH3UHV ODSRVLFLyQ LQLFLDOGHO URERW
PyYLO3GHVODSRVLFLyQGHVHDGDGHOURERWPyYLOHQN\3RHV
SRVLFLyQGHOREVWiFXORĳHVHOiQJXORRSXHVWRDOVHJPHQWRTXH
XQH ORVSXQWRV3U \3G HVGHFLU HO iQJXORTXHQRV LQGLFD VLHO
REVWiFXOR\DIXHHYDGLGRRQR

&XDQGRʌĳʌHOFRVĳHVQHJDWLYRORFXDOQRVLQGLFD
TXHHOREVWiFXORQRKDVLGRHYDGLGRD~Q)LJDPLHQWUDVTXH
FXDQGR ʌ  ĳ  ʌ HO FRVĳ HV SRVLWLYR SRU OR TXH HO
REVWiFXOR\DKDVLGRHYDGLGRFRPRVHPXHVWUDHQOD)LJE

3DUDPRVWUDUFRPRDIHFWDQORVSDUiPHWURVSURSXHVWRVDOPpWRGR
GHODIXHU]DILFWLFLDHQOD)LJVHPXHVWUDFLQFRH[SHULPHQWRV
FRQGLIHUHQWHVYDORUHVHQORVSDUiPHWURVGHDMXVWH(OURERWGHEH
VHJXLUXQDWUD\HFWRULDUHFWLOtQHDGHVGHHOSXQWRDOSXQWR
HQHOFDPLQRVHKDFRORFDGRXQREVWiFXORHVWiWLFR/RV
SDUiPHWURV XVDGRV VH PXHVWUDQ HQ OD 7DEOD , XWLOL]DQGR XQD
YHORFLGDGPi[LPDXPD[ >PPV@\ı 


)LJXUD&ULWHULRGHOFRVHQRSDUDHOPpWRGRGHODIXHU]DILFWLFLD
D REVWiFXOR QR HYDGLGR→ FRVĳ !  ʌĳ ʌ
EREVWiFXORHYDGLGR→FRVĳʌĳʌ
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7DEOD,3DUiPHWURVGHOPpWRGRGHODIXHU]DILFWLFLD
 FI ȡ GLVWUHFRUULGD>P@ FROLVLyQ
    1R
    1R
    1R
    1R
    6L
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)LJXUD,QIOXHQFLDGHORVSDUiPHWURVHQHOPpWRGRGHODIXHU]D
ILFWLFLDSURSXHVWR
(OSUREOHPDGHFRQWUROXWLOL]DQGRHOPpWRGRGHODIXHU]DILFWLFLD
TXH HQ HVWH WUDEDMR KD VLGR PRGLILFDGR SDUD PHMRUDU VX
IXQFLRQDPLHQWR FRUUHVSRQGH DO GLVHxR GH XQ FRQWURODGRU TXH
OXHJR GH GHWHFWDU ORV REVWiFXORV HQ HO HQWRUQR GHO URERWPyYLO
PRGLILFD PRPHQWiQHDPHQWH OD YHORFLGDG GH pVWH DVt FRPR
WDPELpQ OD WUD\HFWRULD GHVHDGD D VHJXLU SDUD GH HVWD PDQHUD
HYLWDUGLFKRVREVWiFXORV
 5(68/7$'26(;3(5,0(17$/(6
/DPHWRGRORJtDSURSXHVWDKDVLGRSUREDGDFRQURERWV3,21((5
'; FRQ XQ UDGLR DSUR[LPDGR GH >PP@ XQR GH HOORV
HTXLSDGRFRQXQVHQVRU6,&./06GHEDUULGROiVHUYHU)LJ
 (O HQWRUQR UHDO GH SUXHEDV SDUD ORV URERWV 3,211(5
LQFOX\H SXHUWDV FRUUHGRUHV \ REVWiFXORV GHVFRQRFLGRV (Q HVWH
HQWRUQR YHU )LJ  HO URERW VLJXH XQD WUD\HFWRULD GDGD GH
PDQHUD DXWyQRPD /D DGTXLVLFLyQ GH GDWRV \ WRGRV ORV
DOJRULWPRV UHTXHULGRV VRQ FDOFXODGRV HQ WLHPSR UHDO HQ HO
FRPSXWDGRUTXHSRVHHHOURERW

(Q ODV )LJV  \  VH SUHVHQWDQ ORVSHUILOHV GH YHORFLGDG GHO
SULPHUH[SHULPHQWRUHDOL]DGR)LJ/DYHORFLGDGOLQHDOHVWi
OLPLWDGD DXPD[ >PPV@ \ OD YHORFLGDG DQJXODU DȦPD[ 
>JUDGRVV@(QHVWDVJUiILFDVVHSXHGHREVHUYDUTXHFXDQGRHO
URERWWHUPLQDGHHYDGLUXQREVWiFXORDXPHQWDVXYHORFLGDGSDUD
YROYHU D DOFDQ]DU OD WUD\HFWRULD GHVHDGD OXHJR YXHOYH D OD
YHORFLGDGSURPHGLRGH>PPV@


)LJXUD5RERWV3,21((5\VXHQWRUQR
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)LJXUD3ULPHUH[SHULPHQWR3HUILOGHYHORFLGDGOLQHDO
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
)LJXUD3ULPHUH[SHULPHQWR3HUILOGHYHORFLGDGDQJXODU
6HXWLOL]yXQWLHPSRGHPXHVWUHRGH7 >V@\XQYDORUGHD 
>PP@YHU)LJ/DWUD\HFWRULDGHUHIHUHQFLDIXHJHQHUDGDD
XQD YHORFLGDG FRQVWDQWH GH >PPV@ 3DUD OD HYDVLyQ GH
REVWiFXORVVHKDWRPDGRGPLQ >PP@\GPD[ >PP@

8QD FRPSDUDFLyQ HQWUH OD WUD\HFWRULD GHVHDGD \ OD WUD\HFWRULD
VHJXLGDSRUHOURERWPyYLOHQHOHQWRUQRGHSUXHEDVVHSUHVHQWD
HQOD)LJHQODJUiILFDWDPELpQVHSXHGHREVHUYDUODPDQHUD
HQ TXH HO URERW PyYLO HYDGLy ORV REVWiFXORV GHO HQWRUQR SDUD
OXHJRUHJUHVDUD OD WUD\HFWRULDGHVHDGD6HGHEHUHFDOFDUTXHHQ
HO DFWXDO H[SHULPHQWR OD WUD\HFWRULD GHVHDGD QR HVSHUD DO URERW
PyYLOPLHQWUDV pVWH HYDGH ORV REVWiFXORV SRU OD YHORFLGDGGHO
URERWPyYLOGHEH LQFUHPHQWDUVH OXHJRGH OD HYDVLyQSDUDSRGHU
DOFDQ]DUDODUHIHUHQFLDQXHYDPHQWH
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)LJXUD7UD\HFWRULDVH[SHULPHQWDOHVH[WUDtGDVGHOHQWRUQRGH
SUXHEDV  UHDO OtQHD URMD FRQWLQXD \ GHVHDGD OtQHD D]XO
SXQWHDGD
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
)LJXUD(QWRUQRGHOSULPHUH[SHULPHQWR\WUD\HFWRULDVGHVFULWDVSRUHOURERWPyYLO

7DEOD,,5HVXPHQGHORVHUURUHVH[SHULPHQWDOHVHQOD
WUD\HFWRULD

XUHI
>PPV@
0D[HUURU
>PP@
9HOOLQHDO
PD[>PPV@
9HODQJXODU
PD[>JUDGV@
   
   
   

/D 7DEOD ,, SUHVHQWD XQ UHVXPHQ GH ORV H[SHULPHQWRV OOHYDGRV D
FDER SDUD GLIHUHQWHV YHORFLGDGHV GH UHIHUHQFLD /RV UHVXOWDGRV
PiVUHSUHVHQWDWLYRVGHHVWDVSUXHEDVVHPXHVWUDQHQHVWHWUDEDMR
(V LPSRUWDQWH GHVWDFDU TXH HO YDORU DEVROXWR GH OD GLIHUHQFLD
HQWUHODVWUD\HFWRULDVUHDO\GHVHDGDXQDYH]TXHHOURERWPyYLO
KD DOFDQ]DGR HO FDPLQR JHRPpWULFR SUHGHILQLGR VHUi
GHQRPLQDGRHUURU

3XHGH REVHUYDUVH TXH HO VLVWHPD GH FRQWURO SURSXHVWR GHSHQGH
GH OD SUHFLVLyQ \ OD H[DFWLWXG GH ORV VHQVRUHV VLQ HPEDUJR HV
LQGHSHQGLHQWHGHOPpWRGRGHVHQVDGR(VWRGHELGRDTXHQRVROR
VHQVRUHV LQWHUQRV RGRPHWUtD VLQR WDPELpQ VHQVRUHV H[WHUQRV
OiVHU SXHGHQ VHU XVDGRV GHSHQGLHQGR GH OD DSOLFDFLyQ
FRPSOHMLGDGRGHOSUREOHPDDUHVROYHU

(Q OD )LJ  ODV OtQHDV JUXHVDV FRUUHVSRQGHQ D ORVREVWiFXORV
GHWHFWDGRV HQ OtQHD ORV FXDOHV VRQ LQFRUSRUDGRV GH IRUPD
LQFUHPHQWDO GHQWURGHOPDSD DPHGLGDTXH HO URERW DYDQ]D(O
URERW IXH FDSD] GH DOFDQ]DU WUD\HFWRULD GHVHDGD GH IRUPD
FRUUHFWDPLQLPL]DQGRHOHUURUGHVHJXLPLHQWR

&RPHQWDULR(O YDORUPi[LPRGHO HUURU HQ HO VHJXLPLHQWR GH
WUD\HFWRULDVVHFDOFXODFXDQGRHOPpWRGRGHOODIXHU]DILFWLFLDQR
DFW~D HV GHFLU FXDQGR HO URERW PyYLO VLJXH OD WUD\HFWRULD
GHVHDGDVLQ ODSUHVHQFLDGHREVWiFXORV&XDQGRXQREVWiFXORHV
GHWHFWDGRPHGLDQWH ORV VHQVRUHV OD WUD\HFWRULD GH UHIHUHQFLD HV
PRGLILFDGDSRUORTXHGXUDQWHHOWLHPSRGHHYDVLyQHOHUURUGH
VHJXLPLHQWRGHWUD\HFWRULDQRHVHYDOXDGR


(OVHJXQGRH[SHULPHQWRHQHOHQWRUQRGHXQDRILFLQD/D)LJXUD
PXHVWUDHOPDSDGHOHQWRUQRH[SHULPHQWDOFRQ OD WUD\HFWRULD
GHVFULWD SRU HO URERW PyYLO DVt FRPR WDPELpQ OD WUD\HFWRULD
GHVHDGDOtQHDSXQWHDGD\ORVREVWiFXORVGHOHQWRUQRGHWHFWDGRV
HQOtQHDSDUHGHVFDMDVSHUVRQDVHWF ORVFXDOHVVRQDxDGLGRV
GHQWURGHOPDSDVHJ~QHOPRYLPLHQWRGHOURERWPyYLO

3XHGH REVHUYDUVH TXH HO VLVWHPD GH FRQWURO SURSXHVWR HV
GHSHQGLHQWHGHODSUHFLVLyQGHOVLVWHPDVHQVRULDOVLQHPEDUJRHV
LQGHSHQGLHQWHGHOVHQVRUXWLOL]DGR(VWRVHGHEHDOKHFKRGHTXH
QR VROR ORV VHQVRUHV LQWHUQRV RGRPHWUtD VLQR WDPELpQ ORV
VHQVRUHV H[WHUQRV OiVHU SXHGHQ VHUXWLOL]DGRV GHSHQGLHQGRGH
ODDSOLFDFLyQFRPSOHMLGDGRGHOSUREOHPDDVHUUHVXHOWR

&XDQGRHO URERWPyYLO HQFXHQWUDXQREVWiFXOR VXYHORFLGDG VH
UHGXFH KDVWD FXDQGR OD SRVLEOH FROLVLyQ KD VLGR VXSHUDGD 3DUD
HVWDSUXHEDHOSDUiPHWURıNYHUWXYRXQYDORUPiVSHTXHxR
TXHHQHOH[SHULPHQWRDQWHULRU

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)LJXUD6HJXQGRH[SHULPHQW3HUILOYHORFLGDGDQJXODU
/RV SHUILOHV GH YHORFLGDG OLQHDO \ DQJXODU VH SUHVHQWDQ HQ ODV
ILJXUDV  \  UHVSHFWLYDPHQWH /D YHORFLGDG OLQHDO HVWi
OLPLWDGD D  _XPD[_   >PPV@\ OD YHORFLGDG DQJXODU D _ȦPD[_  
>JUDGRVV@ OD WUD\HFWRULD GH UHIHUHQFLD IXH JHQHUDGD FRQ XQD
YHORFLGDGFRQVWDQWHXUHI >PPV@

&RPHQWDULR  8Q DVSHFWR LPSRUWDQWH SDUD DFODUDU HO
FRPSRUWDPLHQWRGHOURERWPyYLOGXUDQWHORVH[SHULPHQWRVHVTXH
HQ HO VHJXLPLHQWR GH WUD\HFWRULD D GLIHUHQFLD GH HQ HO
VHJXLPLHQWRGHFDPLQRVHOSXQWRGHVHDGRQRHVSHUDSRUHOURERW
PyYLOGHELGRTXH OD WUD\HFWRULDHVXQFDPLQRSDUDPHWUL]DGRHQ
HO WLHPSR (O URERW PyYLO WUDWD GH DOFDQ]DU OD WUD\HFWRULD SUH
HVWDEOHFLGDPLHQWUDVHOSXQWRGHVHDGRVHPXHYH/DVYHORFLGDGHV
GHO URERW PyYLO \ GH OD WUD\HFWRULD VH LJXDODQ FXDQGR OD
WUD\HFWRULD GHVHDGD HV DOFDQ]DGD SRU HO URERW 6L XQ REVWiFXOR
FDXVD OD DFWLYDFLyQ GHO PpWRGR GH OD IXHU]D ILFWLFLD HO URERW
PyYLO UHGXFHVXYHORFLGDGSRU ORTXH OD WUD\HFWRULDVHDGHODQWD
DO URERWGHDOOtTXHFXDQGRHOREVWiFXORKDVLGR\DHYDGLGRHO
URERW PyYLO GHEH DFHOHUDU KDVWD VX YHORFLGDG Pi[LPD SDUD
DOFDQ]DUQXHYDPHQWH D OD WUD\HFWRULDGHVHDGD YHU )LJV 
 DQG  $ SHVDU GH HVWD GHPDQGDQWH DVLJQDFLyQ HO
IXQFLRQDPLHQWR GHO URERW PyYLO GXUDQWH HO H[SHULPHQWR HV
VDWLVIDFWRULR

&RPHQWDULR  1RWH TXH HQ HO SUREOHPD GH VHJXLPLHQWR GH
WUD\HFWRULD HQIRFDGR HQ HVWH GRFXPHQWR OD UHIHUHQFLD QXQFD
HVSHUDSRU HO URERWPyYLO SRUHO FRQWUDULR OD UHIHUHQFLD DYDQ]D
VHJ~Q OR KDFH HO WLHPSR ([LVWHQ RWURV PpWRGRV SDUD SDUDU OD
UHIHUHQFLDPLHQWUDVTXH HO URERWPyYLO VH DSUR[LPDD ODPLVPD
'HO5tRHWDO/HH	3DUNSHURHQHVWHWUDEDMROD
VLWXDFLyQPiVGHPDQGDQWHKDVLGRDQDOL]DGD\VXSHUDGDSXHVHO
URERWPyYLOWLHQHTXHDOFDQ]DUODUHIHUHQFLDWDQSURQWRFRPRVHD
SRVLEOHVLQFKRFDUFRQORVREVWiFXORVTXHVHSUHVHQWHQ
 &21&/86,21(6
6HKDSUHVHQWDGRXQQXHYRHQIRTXHSDUDODQDYHJDFLyQGHURERWV
PyYLOHV HQ HQWRUQRV GLQiPLFRV XWLOL]DQGR OD WHRUtD GHO iOJHEUD
OLQHDO \ XQD PRGLILFDFLyQ GHO PpWRGR GH IXHU]D ILFWLFLD (VWH
FRQWURODGRU SHUPLWH XQD QDYHJDFLyQ OLEUH GH FROLVLRQHV SDUD HO
VHJXLPLHQWR GH WUD\HFWRULDV (VWH HQIRTXH FRPELQD XQ
FRQWURODGRU EDVDGR HQ HO PRGHOR GLQiPLFR GH XQ URERW PyYLO
WLSR XQLFLFOR OD WHRUtD GHO iOJHEUD OLQHDO \ ORV PpWRGRV
QXPpULFRVFRQXQDHVWUDWHJLDUHDFWLYDGHHYDVLyQGHREVWiFXORV
/RV UHVXOWDGRV H[SHULPHQWDOHVPXHVWUDQTXH OD FRPELQDFLyQGH
HVWDV WpFQLFDV SURGXFH XQ FRQWURODGRU HILFLHQWH SDUD OD
QDYHJDFLyQ GH URERWV HQ DPELHQWHV GRQGH H[LVWHQ WDQWR
REVWiFXORVHVWiWLFRVFRPRREVWiFXORVGLQiPLFRV

8QD FDUDFWHUtVWLFD DWUDFWLYD GH HVWH FRQWURODGRU EDVDGR HQ OD
WHRUtD GHO iOJHEUD OLQHDO HV TXH VX LPSOHPHQWDFLyQ HV VLPSOH \
HIHFWLYD $ WUDYpV GH ORV H[SHULPHQWRV UHDOL]DGRV VH SXHGH
FRQFOXLUTXHHOHUURUHQWUHODVWUD\HFWRULDVUHDO\GHVHDGDHVPX\
SHTXHxRFRQUHVSHFWRDODVGLPHQVLRQHVGHOURERW

$*5$'(&,0,(1726

(VWH WUDEDMR IXH SDUFLDOPHQWH ILQDQFLDGR SRU HO 6HUYLFLR
$OHPiQ GH ,QWHUFDPELR $FDGpPLFR '$$'  'HXWVFKHU
$NDGHPLVFKHU$XVWDXVFK'LHQWVOD8QLYHUVLGDG1DFLRQDOGH
6DQ -XDQ 816- \ SRU HO &RQVHMR 1DFLRQDO GH
,QYHVWLJDFLRQHV&LHQWtILFDV\7pFQLFDV&21,&(71DWLRQDO
&RXQFLO IRU 6FLHQWLILF 5HVHDUFK $UJHQWLQD $GHPiV
DJUDGHFHPRV OD FRRSHUDFLyQ GHO ,QVWLWXWR GH 6LVWHPDV HQ
7LHPSR 5HDO 576 GH OD 8QLYHUVLGDG GH +DQQRYHU
$OHPDQLD

5()(5(1&,$6
%RUHQVWHLQ-DQG.RUHQ<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$XWRPDWLRQSS
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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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0DJD]LQHYRO
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